ABSTRACT: China and India are home to two ofthe world's largest populations, and both populations are aging rapidiy. Our data compare health status, risk factors, and chronic diseases among people age forty-five and older in China and India. By 2030, 65.6 percent of the Chinese and 45.4 percent of the Indian health burden are projected to be borne by older adults, a population with high levels of noncommunicable diseases. Smoking (26 percent in both China and India) and inadequate physical activity (10 percent and 17.7 percent, respectively) are highly prevalent. Health policy and interventions informed by appropriate data will be needed to avert this burden.
C
HINA AND INDIAAREHOMETOMORETHAN a third of the WOrld's ulation. The population of India will continue to grow through 2050, whereas China's population is expected to plateau by 2035. However, because of increases in life expectancy, the age composition of these two populations will change dramatically. While the proportion of the Chinese sixty-plus age group will grow more than threefold (from 10.9 percent to 35.8 percent) over fifty years, its population of those age eighty and older will expand nearly fourfold (from 1.8 percent to 6.8 percent) (Exhibit 1). For India, these age groups will grow by nearly the same factors (from 8.4 percent to 22,6 percent and from 0.8 percent to 3 percent, respectively). By 2019 in China and 2042 in India, the proportion of people age sixty and older wül exceed that of people ages 0-14.' Combined, more than 0.75 billion people age sixty and older will live in China and India in 2050, constituting 38.5 percent of the world's sixty-plus population.
The aging of the population in China and India will bring with it an increase in the burden of chronic disease. It has been estimated that population aging will re- suit in a 200 percent increase in deaths from cardiovascular disease in China during 2000-2040.-In addition, the rapid economic growth in these countries, accompanied by rapid urbanization, may also contribute to the increase in noncommunicable diseases. Urbanization is associated with unhealthy nutrition and physical inactivity, leading to obesity and increases in the prevalence of chronic diseases such as diabetes.' The number of people with diabetes in China is projected to increase 103.4 percent, from 20.8 million to 42.3 milUon, between 2000 and 2030. In comparison, the rate of diabetes in India is expected to increase 150.5 percent, from 31.7 million to 79.4 million, over the same period."* The Global Burden of Disease (GBD) study estimated that in 2001 almost half of the adult disease burden in low-and middle-income countries was attributable to noncommunicable diseases. Ischémie heart disease and stroke were the two leading causes of mortality and disease burden in people age sixty and older.Î n light of these findings, we summarize results from the World Health Organization's (WHO's) World Health Survey (WHS) for China and India, which also formed the baseline data and cohorts for the WHO's Study on Global Ageing and Adult Health (SAGE). The SAGE work, as part of the WHS, focused on levels of health, chronic diseases, and risk factors in older adults, to further understand age and socioeeonomic gradients in health outcomes. We also present data on the latest GBD update, with a specific focus on the older populations in India and China, to highlight the burden of noncommunicable diseases in these countries. We pres' ent the projections of disease burden for the year 2030 for these older adult populations and demonstrate the impact of population aging.
Study Data And Methods
• The WHS/SAGE. The WHS/SAGE was implemented as a face-to-face household survey in China in 2002 and in India in 2003.^ The samples were drawn from a current frame using a stratified, multistage cluster design so as to allow each household and respondent to be assigned a known nonzero probability of selection. In China, the survey was carried out in Gansu, Guangdong (including Shengzhen city), Hebei, Hubei, Jiangsu, Shaanxi, Sichuan, and Zhejiang provinces, while in India the survey was carried out in the states of Assam, Karnataka, Maharashtra, Rajasthan, Uttar Pradesh, and West Bengal. This formed the baseline sample for SAGE and is the basis for the current analyses. To make valid comparisons across the two countries, age standardization was carried out based on the WHO'S World Standard Population/ The survey instrument asked about difficulties in functioning in eight domains of heakh (mobility, self-care, pain and discomfort, cognition, interpersonal activities, vision, sleep and energy, and affect), tobacco use, alcohol use, physical activity, and exposure to indoor air pollution and chronic conditions (asthma, angina, arthritis, depression, and diabetes). In addition to self-reported diagnosis of a condition, a set of symptomatic questions based on each condition were also asked. The pattern of responses to the symptom questions were combined with results from a separate diagnostic item probability study to create an algorithm for the presence or absence of the disease.Ê conomic status was derived indirectly from a set of known predictors of income (such as age and education of the household head) and indicators of economic status (primarily consumer goods such as ownership of a television set, automobile, and radio, as well as household amenities such as type of drinking water or toilet available).
• The GBD study. The original GBD study developed a comprehensive framework to incorporate data on nonfatal heaith outcomes into summary measures of population health. An important innovation of the GBD study was the use of a common metric (the disability-adjusted life-year, or DALY) to summarize the disease burden for specific diseases and injuries as well as the burden attributable to the major risk factors that cause those conditions. The DALY is a health gap measure calculated from GBD data that extends the concept of potential years of life lost because of premature death to include equivalent years of "healthy" life lost by virtue of being in states of poor health or disability. '" The GBD 2004 update incorporated a range of new data sources to develop internally consistent estimates of incidence; health state prevalence, severity, and duration; and mortality for 135 major causes, by sex and eight age groups.
The data inputs for the projection models take into account the greater number of countries reporting death registration data to the WHO, particularly from developing regions, other recently developed projection models for HIV/AIDS, and AGING projected trends in tobacco smoking, overweight, and obesity.
• Analytical methods. Heakh status. Item response theory (IRT) was used to score the responses to the sixteen self^reported health questions, using a partial credit model that served to generate a composite health status score." An item calibration was obtained for each item. To determine how well each item contributed to common global health measurement, chi-square fit statistics were calculated. The calibration for each of the sixteen health items was taken into account, and the raw scores were transformed through Rasch modeling into a continuous cardinal scale (0, worst health; 100, best health).
Economic status. To estimate economic status, a random-effects probit model was used to identify indicator specific thresholds or "cutpoints" that represent the point on the economic status (latent) scale above which a household is more likely to own a particular asset than not. This enabled an estimation of an asset ladder (since thresholds would be higher for those assets whose ownership represented higher economic status). These estimates of thresholds, combined with actual assets observed to be owned for any given household, were used to produce an estimate of household-level economic status. This was then used to create income quintiles.'-Impact of socioeconomic variahks. A linear regression was carried out to assess the impact of socioeconomic variables, chronic diseases, and risk factors across India and China on health. The health score was used as the dependent variable and included chronic conditions and risk factors as explanatory variables along with age, sex, education, residence, and income.
All analyses were carried out using the probability weights and variance estimations, taking into account the complex design with the Taylor series method implemented in Stata 9.2.
Projections of health burden. To project the health burden to 2030, a set of models were used to project future health trends for baseline, optimistic, and pessimistic scenarios, based largely on projections of economic and social development, and using the historically observed relationships of these with cause specific mortality rates.'^ For the projections reported here, historical death registration data for 107 countries between 1950 and 2002 were used to model the relationship between death rates for all major causes excluding HIV/AIDS and four variables: (1) a\'cragc income per capita, measured as gross domestic product (GDP) per capita in purchasing parity power (PPP)-adjusted dollars; (2) average number of years of schooling among adults; (3) time, a proxy measure for the improvement in health with time that has occurred over the past century independently of improvements associated with increasing levels of GDP and education; and (4) smoking intensity, measured by the component of lung cancer mortality that is attributable to tobacco smoking. Death rates were then projected using World Bank projections of GDP per capita, WHO projections of human capital, and smoking intensity projections based on historical patterns of tobacco use and further adjusted for re-DISEASE & DEMOGRAPHY cent regional trends in tobacco consumption where appropriate. Separate projections. Separate projections for HIV/AIDS mortality and TB mortality were prepared by UNAIDS and the WHO. Since a sizable proportion of diabetes mortality is attributable to overweight and obesity, a separate projection model for diabetes mortality was also developed using WHO projections of trends in body mass index (BMI) distributions from 2000 to 2010. Projections of mortality for chronic respiratory diseases were also adjusted for projected changes in smoking impact.'**
Study Results
The WHS basehne sample sizes were 10,750 and 4,300, uath response rates of 92.8 percent in China and 95.6 percent in India. Data on health status, as measured by scoring how a respondent reported functioning in multiple domains, reveal that the Chinese were in much better health than the Indians (Exhibit 2). However, in both countries, males, respondents from higher-income quintiles, those living in urban areas, and younger "old adults" were in much better health.
• Reported diseases and conditions. The differences in the proportions of re- ported diseases between the two countries could contribute to the large difference in overall health status. Sixteen percent of respondents in China, compared with 46,9 percent of those in India, reported having at least one chronic disease. A higher proportion of older and poorer respondents than younger and richer respondents reported having one or more chronic conditions. The sex differences in disease prevalence were negligible in both countries, with the exception of more women than men in China and more men than women in India reporting one chronic condition.'• Risk behavior. Smoking was found to be highly prevalent among older adults in India and China, especially among the poorer populations, with 47.6 percent of men in China and 39.4 percent of men in India being daily smokers.^^ Ten percent of Chinese respondents and 17.7 percent of Indian respondents had inadequate physical activity, with many more respondents in urban China than in rural China being physically inactive (15.6 percent versus 71 percent). Solid-fuel use leading to indoor air pollution was highly prevalent in rural areas in both India and China (83.5 percent and 50.9 percent of households, respectively) and especially so in poorer households in both countries.'''
• Health of the elderly. The regression results reveal that the health status of the older adult population was significantly worse in India than in China. In both countries, health significantly declined with age and was worse in the poorer populations, controlling for other explanatory variables. The presence of chronic disease significantly worsened health, and even more so if people had more than one chronic disease. Although smoking, heavy drinking, and inadequate physical activity all had negative effects on health, only inadequate physical activity was significant when other covariates were controlled for."*
• Impact of aging on health burden. Moving from the survey results to the GBD study further illustrates the impact of aging on population health burden. More than half of the burden of noncommunicable disease occurs in the forty-fiveplus age groups in both countries (Exhibit 3). According to the 2004 GBD results, approximately 44 percent of the total burden of disease in China and 25 percent of that in India occurs in the population age forty five and older. The patterns of burden for men and women shown in Exhibit 3 are strikingly similar, with higher burdens at older ages in women attributable to longer life expectancies.
A comparison of the 2004 results to projections to 2030 (Exhibit 3) démon-strates clearly the impact of aging on the epidemiological transition. Comparing the two years shows the rapid shift of disease burden to older age groups and at a higher rate than previously predicted. About 66 percent of the total disease burden in China and about 45 percent in India will be shared by these older adult populations. In China, about 60 percent of all disease burden across all age groups will be due to noncommunicable diseases in the forty-five-plus age group.
One of the major determinants of the change in disease burden over the next two decades in India and China is their rapidly aging populations (Exhibits 4 and 5). For most Group I causes (communicable, maternal, perinatal, and nutritional conditions), demographic and epidemiological changes are acting in the same direction to reduce total DALYs. Population growth and population aging act in opposite directions for the Group I DALY. For Group II (noncommunicable diseases), demographic changes tend to greatly increase DALYs, with aging being a much larger determinant than population growth in China compared to India. A more detailed examination of the projections reveal that although DALYs for all causes will decrease, from 267 to 220 DALYs per thousand people age forty-five and older in China, in India this will remain virtually unchanged (from 355 to 354 DALYs per thousand people from 2004 to 2030).'^ Examination of this change by cause reveals that for all three groups of causes in China, DALYs per thousand people age forty-five and older will decline. This suggests that although the size of the older population will be larger, the older population will be healthier. In India, however, although DALYs attributable to Group I causes will decline in this popu- lacion (from 52 to 20), DALYs attributable to Group II causes will in fact increase from 278 to 307 per thousand during the same period. This suggests that the older population in India will continue to experience declines in health. 
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Discussion
The results point to striking changes in patterns of the burden of disease and health status in these two countries, representing almost 40 percent of the world's population. In 2004, a sizable proportion of the total disease burden was experienced by older adults in China and India. By 2030, older adults will bear twothirds of the total disease burden in China and nearly half in India. Projections generally show a decline in total DALYs for China, because of a large drop in Group I-related deaths and a smaller increase in DALY contributions from Group ll-related deaths because of aging populations. The overall contribution of DALYs from Group II nonetheless is projected to grow, because of the greater proportion of older people with constant age-specific rates of nonfatal conditions such as mental health and musculoskeletal conditions and a relative decline in the prevalence of Group I conditions as a result of the epidemiological transition.
• Increased prevalence of risk factors. The persistent high risks of smoking in our study are comparable to those of other recent studies from India (across all age groups, 6 percent for women and 30 percent for men in WHS/SAGE, compared to 5 percent for women and 37 percent for men, according to Prabhat Jha and colleagues) and have similar trends rising with age.~" Furthermore, inadequate physical activity, combined with the demographic shift to larger older adult populations, will con' tribute to driving the epidemiological transition to higher noncommunicable disease prevalence rates. Already, older adults in these two countries are experiencing declines in health as they age, v^ath the gradient being worse in India than in China. The reasons for these health differentials are not altogether apparent, but the increased prevalence of risk factors such as alcohol use and inadequate physical activity combined with chronic diseases might have contributed to them.
• Lack of difference between men and women. The lack of difference between men and women in the number of reported chronic conditions despite differences in their exposure to risk factors could be confounded by differential patterns of symptom reporting. Although we used a symptom-based algorithmic approach to construct diagnosis instead of relying on self-reported diagnosis alone, the diagnosis of chronic diseases reported in our study is likely to be an underestimate, since most people in China and India are unlikely to be aware of their diagnostic status and may underreport their symptoms.
• Impiicatlons for iieaith poiicy. These findings have major implications for health policy in both countries. The projected increase in old-age dependency ratios and decline in health status of older adults suggest that health care services will need to shift resources and services to respond to an aging population soon. In addition, a review of social protection systems will be needed, including income security and hving arrangements, given the expected trends in urbanization and shifts from larger extended families to smaller nuclear units.
• Study iimitations. Although our study results define current heaith status and AGING suggest a future health scenario, some limitations must be recognized. The projections of burden are not intended as forecasts of what will happen in the future but as projections of current and past trends, based on certain explicit assumptions. The methods used base the disease burden projections on broad mortality projections driven largely by World Bank projections of future growth in income per capita and WHO projections of increases in human capital, together with a model relating these to cause specific mortality trends based on historical observations in countries with death registration data over the past fifty years. The results depend greatly on the assumption that future mortality trends in poor countries will have a relationship to economic and social development similar to that having occurred in higher income countries. If this assumption is not correct, then the projections for low income countries may well be overly optimistic in the rate of dechne of communicable diseases and the speed of the epidemiological transition.
Adjusting for rates of change. The predictions of the projections model were compared with historical trends in child mortality from 1990 to 2004; as a result, certain regression coefficients were modified for India and China. Thus, the revised projections assume that projected rates of change for cause-specific mortality rates over time, given levels of constant income and human capital, will be slower than those observed in mainly high-and middle-income countries using death registration data over the past fifty years. This has reduced the projected rates of decline in Group I conditions for India and China compared to the original GBD projections, and this adjustment may be too conservative. On the other hand, the many problems facing India and China in improving and sustaining access to effective health interventions, and in scaling up health systems to cost-effectively address these challenges, may mean that they do not experience the temporal pace of health improvement at constant levels of income and human capital that have been seen in the high-income countries over the past fifty years.
Broad trends in risk factors. The projections have also not taken exphcit account of trends in major risk factors apart from tobacco smoking and, to a limited extent, overweight and obesity that we assumed would decline in economic development. If broad trends in risk factors are toward worsening of risk exposures with development, rather than toward the improvements observed in recent decades in many high-income countries, then again the projections for China and India presented here will be too optimistic. There is a need to develop much more comprehensive projection models that take explicit account of available information on trends in a wide range of risk factors.
Projecting years of life hst. Finally, as did Christopher Murray and Alan Lopez, we recognize that the approach taken to projecting the years lost to disability (YLD) component of DALYs is extremely crude and that the projections of DALYs are likely to be even more uncertain than the projections of deaths.-' Case-fatality rates for many diseases could decline over the next thirty years, so that YLD becomes an increasing proportion of the total DALYs for these causes. On the other HEALTH AFFAIRS -Volume 27. Number
hand, improvements in risk factors or health interventions, or both, may lead to decreases in burden for some nonfatal conditions. Much research is needed to develop robust and unbiased methods for measuring trends in case-fatality rates, survival times, and disability due to specific causes, besides collecting such data for China and India. '.
• Reporting biases. The WHS/SAGE survey methods relied on self-reported health data for health status, risk factors, and chronic disease. Although we used idendcal instruments in both countries, some systematic reporting biases might have exaggerated the differences between the two countries. Also, the WHS/SAGE samples in China and India were not drawn from a national frame but were intended to be representative on an aggregate. Our estimates of the burden of disease for 2004 were based on the best available current evidence. However, nationally representative data on chronic diseases and risk factors, such as obesity and physical activity, are scarce in both China and India, especially with regard to time trends. Eurthermore, data on health examinations and biomarkers (not presented) will serve to increase the validity of the data and facilitate international comparisons.
• Longitudinal studies under way. The results and body of work presented point to a strong need for longitudinal studies with explicit strategies to allow for ex ante and ex post international comparability for better empirical inputs into the burden-of-disease estimates for time trends and projections of future burden. This is especially required for the older adult population. It is with this intent that several efforts are under way. The WHO's SAGE is a sLx-country study that is following up cohorts of people age fifty and older to study health and health-related outcomes, well-being, and their determinants biennially.-^ The Longitudinal Aging Study in India (LASI) and the China Health and Retirement Longitudinal Study (CHARLS) are studies of the population older than age forty-five that parallel the Health and Retirement Study (HRS) in the United States, the Enghsh Longitudinal Survey of Ageing (ELSA), the Survey of Health and Retirement Economics in fifteen European countries (SHARE), and sister surveys in Japan and South Korea.^^ LASI and CHARLS will examine the relationship between economic activity and health outcomes. This group of studies, along with other longitudinal studies of aging using common instruments and methods, will provide a rich database to use in understanding the phenomenon of aging and its imphcations globally.
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